The aim of this study was to investigate the association between lifetime physical activity and risk of lung cancer. Methods: A case-control study was conducted in southern Brazil. Case subjects were recruited from oncology services of 4 hospitals. Control subjects were selected from the same hospitals, but from different services (traumatology and emergency). Both case subjects (n = 81) and control subjects (n = 168) were interviewed using a questionnaire about sociodemographic characteristics, anthropometric information and family history of cancer. Control subjects were matched to case subjects according to sex and age (± 5 years). Detailed information on smoking was collected. Physical activity was measured using the Lifetime Physical Activity Questionnaire. Results: Of the case subjects, 89% were either current or former smokers; among control subjects, this value was 57%. Participants in the second, third, and fourth quartiles of all-domains physical activity had odds ratios of 0.54 (95% CI, 0.21-1.40), 0.25 (95% CI, 0.08-0.72), and 0.24 (95% CI, 0.07-0.83) for lung cancer, compared with the lowest quartile, after adjusting for confounding. In the fully adjusted models, leisure-time physical activity was not associated with lung cancer risk. Conclusion: Lifetime all-domains physical activity may reduce the risk of lung cancer.
Despite advances in cancer diagnosis and treatment, this disease is still one of the major public health threats worldwide. 1 The World Health Organization (WHO) estimates that, from 2010 to 2030, 27 million incident cases of cancer will be identified, as well as 17 million deaths, and 75 million people will be living with the disease each year. The highest increase in the incidence of cancer will take place in low-and middle-income countries such as Brazil, where 27,330 new cancer cases were estimated to have happened in 2014. 2 Some risk factors, such as physical inactivity, smoking, alcohol consumption, unhealthy diet, and stress, can contribute to higher overall cancer incidence and mortality. 3 Many studies have examined the association between physical activity and cancer, and evidence shows that physical activity reduces the risks of colon and breast cancers and possibly other cancers. With regard to lung cancer, studies report contradictory results, but many show that high levels of physical activity are associated with lower lung cancer risk. [4] [5] [6] [7] [8] [9] [10] [11] [12] Plausible explanations for the mechanism of regular physical activity in decreasing lung cancer risk are enhanced immune function, reduced inflammation, and increased pulmonary ventilation, potentially leading to lower exposure to carcinogenic substances in the airways. 6, 13 To date, all studies on the association between physical activity and lung cancer have been carried out in high-income countries. Therefore, the aim of this study was to evaluate the association between lifetime physical activity and lung cancer risk in Brazil. We hypothesized that individuals who engaged in regular physical activity throughout life will present lower lung cancer risk.
Methods
We carried out a case-control study, with lung cancer patients identified from oncology services of all private and public hospitals in 2 cities (Pelotas and Rio Grande) located in southern Brazil (Rio Grande do Sul State). We included 249 participants: 81 case subjects and 168 control subjects. Case subjects were identified by reviewing the medical records from the oncology services of the 4 hospitals included in the study. We had an agreement with the oncology services; we obtained a weekly report of all lung cancer cases showing up over the past 7 days, regardless of the stage of the disease. Subjects were then approached by phone, and a faceto-face interview was scheduled. The interview was tentatively scheduled for the same day that the patient would go to the hospital for regular treatment. Two control subjects were selected for each case subject, matched by sex and age (± 5 years). Control subjects were recruited from the same hospitals as the case subjects; soon after a case subject was identified, the first 2 patients showing up in the trauma department or coming into the hospital for laboratory tests or scans were approached.
Only people diagnosed with primary lung cancer were included in the sample. Individuals with metastases to the lungs or with cancer at other sites were not included. Prevalent cases were included, but only if the initial diagnosis took place within the 12 months before the interview. Our sample-size calculations required around 80 case subjects and 160 control subjects for detecting an odds ratio of 0.8 or lower with a statistical power of 80% and a 2-sided α level of .05.
Lifetime physical activity was measured using the Lifetime Total Physical Activity Questionnaire developed and validated by Friedenreich and colleagues. 14 This instrument enabled us to generate 5 physical activity-related variables: (1) occupational, (2) commuting, (3) leisure time, (4) household, and (5) all domains (a combination of the previous 4 domains). For this study, we opted to focus only on leisure-time and all-domains physical activity for 2 main reasons: (1) most articles available in the literature use these 2 indicators; (2) the other 3 domains (commuting, work, and household) in Brazil are strongly influenced by socioeconomic position, representing more a need than a lifestyle choice.
The questionnaire is based on a life-history calendar, including school time and employment history, and uses important lifetime events (eg, marriage and birth of children) to aid recall. The instrument provides an estimation of physical activity in metabolic equivalents (METs). One MET is the energy spent while sitting quietly. 9 The physical activity score calculated from this instrument takes into account the number of months or years that the person performed the activity, given usual patterns of weekly frequency or time for that particular activity, allowing the estimation of energy expenditure in METs. This instrument has been used in other case-control studies that assessed the association of lifetime physical activity with cancer of the prostate, 15 endometrium, 16 and breast. 17 We followed the same protocol used by the developers of the questionnaire. 14 All physical activity variables followed the same logic: A score in METs/week was generated on the basis of information about the activity being practiced and the number of days per week spent engaging in that activity. Then, this score was multiplied by the number of weeks the person reported practicing such activity. This approach therefore generates total scores in METs for each domain of physical activity. For the all-domains variable, we summed up total METs of each activity. All scores were divided into quartiles for analysis so that we would be able to evaluate the magnitude of the associations and possible doseresponse relationships.
A pilot study was carried out to test the wording of the translated instrument, because it had not been used previously in Brazil. We interviewed 10 men and women (convenience sample). Face-to-face home interviews were conducted. All participants were 40 years of age or older and belonged to various socioeconomic backgrounds. No problems were detected in understanding the questions, and only a small adaptation was made to improve the understanding of one specific question: the life calendar originally included repeated sections about occupation, commuting, sports (leisure), and household chores, referenced to important life events. To prevent repetition (reported by interviewees during pilot testing), the repeated sections about occupation and sports were excluded from the life calendar because they did not improve understanding, and subjects constantly replied that they had already provided such information. Although the repeat sections were excluded, these activities (sports and occupation) were indeed assessed later in more detail as in the original questionnaire.
The socioeconomic status indicator was created on the basis of a principal component analysis generated from an assets index. Data on schooling, smoking history, family history of cancer, occupational exposures (contact with chemicals or harmful substances at worksite), sex, and age were also collected. Smoking status was defined as follows: People who had "smoked one or more cigarettes/day in the last month" were classified as smokers; people who had "quit smoking at least 30 days ago" were classified as former smokers. The rest of the people had never smoked. 1 The pack-years (years of smoking × number of cigarettes per day) 18 variable was categorized into 4 groups: 0, 1-20, 21-30, and ≥ 30 pack-years.
Data were entered using EpiInfo, and the statistical analysis was done in Stata 11.0 for Windows (StataCorp, College Station, TX). First, physical activity scores (in METs) were generated; logistic regression was used to measure associations. All exposures were tested one by one against the outcome in separate regression models. Confounding variables resulting in P values below .20 in the unadjusted analyses were then simultaneously included in the final regression models. 
Results
All case subjects approached by our research team agreed to take part in the study. Among control subjects, we had 47 refusals; the main reasons for refusals were lack of time and lack of interest. The mean age of the 81 case subjects was 65.2 years (SD 8.6), whereas the mean age of the 168 control subjects was 63.7 years (SD 7.3). Men represented nearly 70% of the participants in both groups. One third of the control subjects and two thirds of the case subjects had 0 to 5 years of schooling. Three of every 4 case subjects and 2 of every 2 control subjects reported having a family history of cancer. Former smokers accounted for more than 80% of the case subjects and 39.3% of the control subjects. More than 40% of the case subjects reported occupational exposures, whereas 17.9% of control subjects reported such exposures (Table 1) .
In Table 2 , we present the distribution of confounders according to lifetime physical activity quartiles. Poor individuals were much more active in all domains than their wealthier counterparts. No clear associations were found with the other confounding variables. Table 3 presents the unadjusted associations between confounding variables and lung cancer risk. Former smokers (odds ratio [OR] = 7.88; 95% confidence interval [CI], 3.64-17.1) were more likely to have cancer (P < .001) compared with those who never smoked. A positive association was also found between pack-years of smoking and lung cancer risk. Low socioeconomic status and low socioeconomic position were associated with a higher risk for lung cancer. Occupational exposure was also related to an increased risk of lung cancer.
Physical activity analyses are presented in Table 4 . In the unadjusted analyses, leisure-time physical activity tended to be inversely related to lung cancer risk, but this association was no longer significant in the adjusted models. In the unadjusted analysis, all-domains physical activity was not associated with lung cancer risk. However, adjustment for confounders substantially changed these results. In a model adjusted for socioeconomic status, schooling, family history of cancer, and occupational exposure, the OR (second, third and fourth quartiles combined) was 0.73 (95% CI, 0.52-1.03). If we then include smoking history, the OR changes to 0.61 (95% CI, 0.41-0.91). The inclusion of pack-years moves the OR to 0.60 (95% CI, 0.40-0.90).
Discussion
This case-control study assessed lifetime and leisure-time physical activities and its potential association with the occurrence of lung cancer in a sample of individuals from southern Brazil. The main result of the study was that in fully adjusted analyses, including adjustment for smoking history, all-domains lifetime physical activity was associated with a decreased likelihood of lung cancer.
Several studies have shown that leisure-time physical activity is associated with reductions in lung cancer risk, particularly when practiced for ≥ 4 hours per week. 5-8,10,12,18 One potential explanation for our null findings with regard to leisure-time physical activity Lam and coworkers 20 stated that even statistical models that adjust for smoking status cannot completely eliminate the possibility of residual confounding. Likewise, Colbert and colleagues 6 mentioned that despite their attempts to adjust for smoking, residual confounding may still be present in their estimates. One should also note that whereas most physical activity accumulated in high-income countries occurs in leisure time, this is not the case for low-and middle-income settings, where most physical activity takes place in other domains. 21 All-domains lifetime physical activity was associated with lower rates of lung cancer, regardless of smoking and other confounders. This finding confirms the importance of evaluating domains of physical activity other than only leisure time in studies conducted in low-and middle-income countries. 19 The association between physical activity and lower risk of lung cancer may be explained by enhancement of the innate immune system and higher ventilation and pulmonary perfusion that may decrease the concentration of carcinogenic agents in the airways. In addition, physical activity reduces chronic inflammation in the lungs and improves antioxidant endogenous defenses. 5, 7, 22 An increase in pulmonary function and hence potentially decreased time for carcinogenic agents to damage airways may result from the better cardiorespiratory fitness that occurs with regular physical activity. These mechanisms may operate apart or combined, making plausible reduced lung cancer risk among physically active individuals. 23 A potential limitation of this study is that case-control studies are more susceptible to recall bias because people need to recollect distant memories and behaviors to respond to the questionnaire. However, this is the most feasible design to study diseases that are rare, including lung cancer. Our sample size was calculated for the whole sample analysis-therefore, our statistical power was not adequate for conducting separate analyses among smokers and nonsmokers.
For logistic reasons, we had to rely on prevalent rather than incident cases. Participation in the study was therefore dependent on the case subjects living long enough to actually be invited to participate in the study. If in addition to increase in risk, physical activity is also related to the severity of the disease, our findings might be biased toward the null hypothesis. The use of community control subjects would be preferable for estimating the levels of physical activity among the population from which case subjects were drawn. However, because of logistical issues, we opted to use hospital control subjects. To avoid bias, we selected control subjects from departments of the hospital dealing with issues not clearly associated with the main exposure under investigation (physical activity).
Our study described lifetime and leisure-time physical activity in relation to lung cancer risk. This is the first study to attempt to investigate this association in Brazil. Our results suggest that activities performed during the life span are associated with lower cancer risk. Therefore, physical activity interventions from childhood to adult life potentially can potentially help to prevent lung cancer later in life, in addition to reducing the risks of other noncommunicable diseases. Future studies in the field of oncology and physical activity are needed to explain physiological pathways that potentially can be altered by lifestyle and, specifically with respect to physical activity, the amount and intensity of activity that may result in lower risk of cancer. In addition, longitudinal studies that rely on objective physical activity measurements at different time points are needed to minimize the possibility of bias and misclassification. is that we included people aged 46 to 84, and in Brazil, sports and active leisure habits were not very common before the 1990s, when studies about physical activity and health began to be published more frequently. 19 That may be one reason for the extremely low leisure-time physical activity practice observed in our sample, which in turn impaired statistical power to study this specific association. Another possible explanation is confounding by socioeconomic status and smoking; a significant association was observed in the unadjusted analyses but was not confirmed in fully adjusted models. We found several studies facing the same challenges related to the adjustment for smoking, 5, 6 and our study may also have been influenced by a strong confounding effect for smoking. For example, 
